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The paper deals with experiment of large thick plate transient response. Experimental data will
be used for validation of advanced methods of AE signal analysis. Examples are shown in which
the time dependence measured waveforms.
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1. Úvod

9� þOiQNX� MH� SRSViQ� ~YRGQt� H[SHULPHQW� QD� UR]OHKOp� GHVFH�� NWHUê� SRVORXåt� N� RY RYiQt

UR]SUDFRYDQêFK� PHWRG� Y\KRGQRFRYiQt� VLJQiO � DNXVWLFNp� HPLVH�� 1DP HQê� VRXERU� þDVRYêFK

SU E K �E\O�NRQIURQWRYiQ�V�SRVXY\�]tVNDQêPL�DQDO\WLFNRX�FHVWRX�]�~ORK\� HãtFt�QDSMDWRVW�WOXVWp

QHRKUDQLþHQp�GHVN\�S tþQ �VNRNRY �EX]HQp�

2. Experiment

.� H[SHULPHQWX� E\OD� Y\XåLWD� UR]P UQi� GHVND�� NWHUi� MH� XPtVW QD� Y� ODERUDWR L� ,76 =ý8�� -GH

o RFHORYê�SOiW��Y\UREHQê�QD�]DNi]NX�Y�]iYRGHFK�âNRGD��MHKRå�UR]P U\�MVRX�����[1500x50 mm.

3RYUFK� MH� RSUDFRYDQê� KREORYiQtP�� 'HVND� MH� XFK\FHQD� Y� UiPX� SRPRFt� þW\ � ãURXE � 0��� D

GLVWDQþQtFK�EORN ��5iP�MH�VSRMHQ�V�YODVWQtP�VWRMDQHP�SURVW HGQLFWYtP�RWRþQêFK�þHS ��GHVND�E\OD

S L�H[SHULPHQWX�YH�YRGRURYQp�SROR]H��([SHULPHQW�S LEOLåXMH�REU� 1.

K záznamu signálu z SLH]RVQtPDþH� E\O� SRXåLW� þtVOLFRYê� ���ELWRYê� osciloskop ADAM

7&��������NDQiO\��FLWOLYRVW�Då��� P9�QD�SOQê�UR]VDK�$'�S HYRGQtNX��Y]RUNRYDFt� IUHNYHQFH�Då

20 0+]��SDP ��� Kslov na kanál) firmy Maurer ze Švýcarska. Díky funkci "pretriggering" bylo

PRåQp� ]tVNDW� SU E K\� REVDKXMtFt� þHOR� SULPiUQt� GLODWDþQt� YOQ\�� 7DWR YOQD� VH� ãt t� GHVNRX

QHMU\FKOHML�� DOH� MHOLNRå� MH� MHMt� DPSOLWXGD� PDOi�� MHMt� QiE åQi� KUDQD� H� REWtåQ � detekovatelná.

1DP HQp� SU E K\� E\O\� S HQiãHQ\� GR� SRþtWDþH� 3&� Y\EDYHQpKR� NRPXQLNDþQt� NDUWRX� +3�,%

(,(((������ -DNR� VQtPDþ� E\O� SRXåLW� SLH]RHOHNWULFNê� NXåHORYê� VQtPDþ� V� YiOFRYêP� ]DNRQþHQtP�

který je zhotoven podle [PRO82]. 3LH]RPDWHULiO�VQtPDFtKR�NXåHOX�SRFKi]t�RG�ILUP\�7(5521,&�

a.s.,�+UDGHF�.UiORYp�D�QHVH�R]QDþHQt�PK274 [7(5��@��7HQWR� VQtPDþ�Pi�FLWOLYRVW� VURYQDWHOQRX

s UH]RQDQþQtPL�$(�VQtPDþL��MHKR�YêKRGRX�MH�PDOi�NRQWDNWQt�SORãND�R�SU P UX�SRX]H���� mm.



Obr. 1  8VSR iGiQt�H[SHULPHQWX�

%XGtFtP� ]GURMHP� E\O� ORP� NDSLOiU\�� NWHUê� O]H� SRYDåRYDW� ]D� VNRNRYp� RGOHKþHQt�� 'DOãtP

SRXåLWêP�]GURMHP�E\O�GRSDG�PDOp�RFHORYp�NXOLþN\�MDNR�UHDOL]DFL�LPSXOVQtKR�]GURMH��2ED�]GURMH

E\O\�SRYDåRYiQ\�]D�WpP �ERGRYp��'UFHQi�NDSLOiUD�E\OD�]�N HPHQQpKR�VNOD�D�P OD�YQ Mãt�SU P U

300 �P�D��YQLW Qt��� �P��.XOLþND�R�SU P UX��PP�D�Yi]H���� PJ�E\OD�VSRXãW QD�]�YêãN\��� mm.

6QtPDþ� E\O� SRVWXSQ � XPLV RYiQ� ���� ���� ��� Då 60 cm od místa zdroje na horním, tj.shodném

povrchu, a na dolním povrchu ve vzdálenostech 0, 5, 10, 15, ..., 60 FP��0 HQi�PtVWD� LOXVWUXMH

obr. 2.

Místo zdroje i jednotlivá místa snímání byly voleny XSURVW HG� GHVN\�� 7tP� E\O� ]DMLãW Q

YHOPL�GORXKê�SU E K�QHSRUXãHQê�RGUD]\�RG�RNUDM �GHVN\��2G�S tFKRGX�þHOD�GLODWDþQt�YOQ\��þDV���

E\OR�YåG\�]D]QDPHQiQR������Y]RUN �V�NURNHP��� ns, tj. záznam o  délce 100 µs.

Obr. 2  0 HQi�PtVWD�QD�GHVFH�

3. Teorie

ýDVRYp� SU E K\� WHRUHWLFNêFK� YHUWLNiOQtFK� D� KRUL]RQWiOQtFK� SRVXY � E\O\� ]tVNiQ\� ]� DQDO\WLFNp

~ORK\� HãtFt� QDSMDWRVW� WOXVWp� QHRKUDQLþHQp� GHVN\� S tþQ � VNRNRY � ]DWtåHQp�� =DWtåHQt� Y� SRGRE

QRUPiORYpKR� QDS Wt� S VREt� QD� NUXKRYp� REODVWL� QD� MHGLQpP� SRYUFKX�� 1DS Wt� MH� QD� WpWR� REODVWL

NRQVWDQWQt�� Y� þDVH�Pi� WYDU� VNRNRYp� IXQNFH��%XGLFt� REODVW� E\OD� S L� YêSRþWX� YROHQD� R� SRORP UX

1.25 PP��FRå�MH�Y]KOHGHP�N�GpONiP�S HGSRþtWDQêFK�GLVSHU]QtFK�N LYHN�QHMPHQãt�PRåQi�YHOLNRVW�



3RWRP� VH� SURMHYXMH� UR]NROtVDQRVW� SU E KX� YOLYHP� QHGRVWDWHþQp� KRUQt� PH]H� Simpsonovy

integrace. Materiál desky je lineární, izotropní a homogenní. Platí teorie malých deformací.

ÒORKD� MH� SRVWDYHQD� MDNR� URWDþQ � V\PHWULFNi�� HãHQt� MH� SURYHGHQR� YH� YiOFRYêFK� VRX DGQLFtFK

[VAL83] a [9$/��@��=þiVWL�E\OD�WDNp�Y\XåLWD�S HVQi�SDSUVNRYi�PHWRGD��NWHUi�MH�Y�,76 =ý8�SUR

desku také k dispozici [HOR92]. Touto metodou byly získávány pozice jednotlivých vlnových

þHO�� NWHUp� MVRX� ]DNUHVOHQ\� Y� þDVRYêFK� SU E ]tFK�� 3RPRFt� WpWR� PHWRG\� O]H� SRþtWDW� RGH]Y\� L� QD

NRPSOLNRYDQ Mãt� D� SRGSRYUFKRYp� ]GURMH�� DYãDN� GtN\� WRPX�� åH� MH� ]DORåHQD� QD� VþtWiQt� S tVS YN

YãHFK� SDSUVN � RGUDåHQêFK� GR� GDQpKR� PtVWD� Y� MLVWpP� þDVH�� VWiYi� VH� SUR� YêSRþW\� GORXKêFK

þDVRYêFK�~VHN �D�Y Wãt�Y]GiOHQRVWL�RG�]GURMH�YHOPL�]GORXKDYRX�

4. Výsledky

=DMtPDYêP�PtVWHP� MH� HSLFHQWUXP�QD�GROQtP�SRYUFKX��+RUL]RQWiOQt�SRVXY� MH� ]GH�QXORYê�� WDNåH

VQtPDþ� UHDJXMH� SRX]H� QD� YHUWLNiOQt� SRVXY�� =H� ]P HQpKR� SU E KX� O]H� XVX]RYDW� QD� IUHNYHQþQt

FKDUDNWHULVWLNX� VQtPDþH�� 2EU� �� S HGVWDYXMH� WHRUHWLFNê� YHUWLNiOQt� SRVXY� S L� VNRNRYpP� EX]HQt�

obr. ��MH�QDP HQê�SU E K�S L�ORPX�NDSLOiU\�
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Obr. 3  7HRUHWLFNê�YHUWLNiOQt�SRVXY�Y�HSLFHQWUX�S L�VNRNRYpP�EX]HQt�
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Obr. 4  1DP HQê��YHUWLNiOQt��SRVXY�Y�HSLFHQWUX�S L�ORPX�NDSLOiU\�
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Obr. 5  )UHNYHQþQt�VSHNWUXP�SRXåLWpKR�VQtPDþH�



1D� ]iNODG � VSHNWHU� RERX� S HFKRGRYêFK� RGH]HY�� ]P HQp� D� Y\SRþWHQp�� E\OR� ]MLãW QR

SRP URYp�IUHNYHQþQt�VSHNWUXP�SRXåLWpKR�VQtPDþH�>ä,7��@��6SHNWUXP�S LQiãt�REU� 5. V toleranci

6 G%�MVRX�KUDQLFH�SiVPD�FLWOLYRVWL�VQtPDþH������� kHz.

V obr. ��D���MVRX�]DNUHVOHQD�þHOD�MHGQRWOLYêFK�SULPiUQtFK�D�RG�SRYUFK �GHVN\�RGUDåHQêFK

vln, písmeno p�R]QDþXMH�GLODWDþQt��primary) vlnu, písmeno s�S HGVWDYXMH�VP\NRYRX��secondary)

YOQX��ýtVOR��NWHUp�QiVOHGXMH��]QDPHQi�SRþHW�SU FKRG �SURVW HGtP�GHVN\�

'tN\�GREUp� VWUPRVWL� MHGQRWOLYêFK�YOQRYêFK�þHO� MH�PRåQp�P HQt�Y� HSLFHQWUX�SRXåtW� WDNp
k SRKRGOQpPX�P HQt� U\FKORVWL� ãt HQt�GLODWDþQt� � 1c ) a smykové vlny ( 2c ). Podmínkou je pouze

GRVWDWHþQ �MHPQp�Y]RUNRYiQt�VQtPDQpKR�VLJQiOX��=H�]QDORVWL�U\FKORVWt� 1c  a 2c �MH�PRåQp�REGUåHW

3RLVVRQRYR� þtVOR� �� D� SRNXG� ]QiPH� L� KXVWRWX� ρ � ]tVNiPH� PRGXO\� SUXåQRVWL� (� D� *�� -HVWOLåH

( )2
12 / cck = , pak ( )12

12

−
−=

k

kµ , ρ/2
2cG =  a ( )GE µ+= 12 .

2GH]Y\� QDP HQp� S L� ORPX� NDSLOiU\� O]H� S tPR� SRURYQiYDW� V� þDVRYêPL� SU E K\

WHRUHWLFNêFK�SRVXY ��1D�REU� 6 a obr. 7 jsou zobrazeny vertikální posuvy na horním povrchu ve

vzdálenosti 35 cm od místa zdroje. Obr. �� ]D]QDPHQiYi� SU E K� WHRUHWLFNê�� REU� �� SU E K

]P HQê�� 1D� ]P HQp� RGH]Y � O]H� VOHGRYDW� S tFKRG\� RGUDåHQêFK� SDSUVN �� -HGQRWOLYi� þHOD� MVRX

GtN\� NOHVDMtFt� FLWOLYRVWL� VQtPDþH� SRG� �� N+]� ]YêUD]Q Qi�� =YêUD]Q Qt� Pi� YãDN� S tþLQX� WDNp

v XUþLWp� FLWOLYRVWL� VQtPDþH� L� QD� KRUL]RQWiOQt� SRK\E\� VQtPDQpKR� SRYUFKX�� 3URWR� MH� WDN� YKRGQp

]MLã RYDW� IUHNYHQþQt� FKDUDNWHULVWLNX� VQtPDþH� ]� P HQt� RGH]Y\� Y� HSLFHQWUX�� 5R]ERU� YOLYX

KRUL]RQWiOQtKR�SRVXYX�MH�S HGP WHP�GDOãtKR�Yê]NXPX�

=�P HQt�V�LPSXOVQtP�]GURMHP�Y�SRGRE �GRSDGX�NXOLþN\�S HGVWDYPH�RGH]YX�QD  povrchu

pod epicentrem - obr. 8. Jak vyplývá z obr. 3 a obr. 4, které byly získány skokovým buzením,

v PtVW � SRG� HSLFHQWUHP� MH� YHOPL� Yê]QDPQê� S tFKRG� þHOD� S tPp� GLODWDþQt� YOQ\�� NWHUê� XG OXMH

]iNODGQt�WYDU�RGH]Y\��3U FKRGHP�WORXã NRX desky se základní skokový tvar zachoval. Proto lze

XVRXGLW�� åH� SUYQt� PD[LPXP� QD� REU� �� S HGVWDYXMH� SU E K� Ui]X� GRSDGDMtFt� NXOLþN\� D� MH� PRåQp

RGHþtVW�S LEOLåQRX�GREX�Ui]X��DVL��� �V��'RED�Ui]X�E\OD�RY RYiQD�P HQtP�LQWHUYDOX�YRGLYpKR

VSRMHQt� NXOLþN\� V� SRYUFKHP� GHVN\�� 1D� NXOLþNX� E\O� S LSiMHQ� YODVRYê� VPDOWRYDQê� GUiWHN�� NWHUê

SRVORXåLO�MDNR�NRQWDNW��'RED�HOHNWULFNpKR�NRQWDNWX�þLQLOD��� µs.
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Obr. 6  Teoretický vertikální posuv na horním povrchu ve vzdálenosti 35 cm.
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Obr. 7  =P HQê�YHUWLNiOQt�SRVXY�QD�KRUQtP�SRYUFKX�YH�Y]GiOHQRVWL��� cm.
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Obr. 8  =P HQê�YHUWLNiOQt�SRVXY�Y�HSLFHQWUX�S L�EX]HQt�GRSDGHP�NXOLþN\�

���=iY U

0 HQt�SRPRFt�GRSDGX�NXOLþN\�E\OD�EH]SURVW HGQ �Y\XåLWD�Y�LQYHU]QtFK�~ORKiFK��MHMLFKå�FtOHP�MH

QD� ]iNODG � P HQp� RGH]Y\� ]MLVWLW� þDVRYê� SU E K� URWDþQ � V\PHWULFNpKR� SRYUFKRYpKR� ]GURMH�

3RSLVRYDQp�P HQt�Y�HSLFHQWUX�XND]XMH��åH� O]H�SUR� LPSXOVQt�NDOLEUDFL� VQtPDþ �D�SUR� ]MLã RYiQt

G\QDPLFNêFK� KRGQRW� PDWHULiORYêFK� NRQVWDQW� Y\VWDþLW� V�� PDORX� GHVWLþNRX�� NWHUi� Pi� SRGpOQp

UR]P U\�YHOLNRVWL�GYRX��W t�WORXãW N.

3RG NRYiQt

3UiFH� SRSVDQi� Y� WRPWR� þOiQNX� E\OD� SRGSRURYiQD� *UDQWRYRX� DJHQWXURX� ýHVNp� UHSXEOLN\

SURVW HGQLFWYtP� JUDQWX� þ������������� �1RYp� PHWRG\� Y\KRGQRFRYiQt� VLJQiO � DNXVWLFNp� HPLVH�

a XVNXWHþQ QD�Y�,QVWLWXWX�WHFKQRORJLH�D�VSROHKOLYRVWL�=iSDGRþHVNi�XQLYHU]LW\�Y�3O]QL�



Literatura

[HAN92] Ch. Hansen, Regularization Tools, Danish Computing Center for Research and Education,
Lyngby, Denmark, (1992)

[HOR92] P. Hora, 7HRULH� ]REHFQ QpKR� SDSUVNX� D� DQDOê]D� WUDQVLHQWQtFK� YOQ� YH� YtFHYUVWYpP� SHYQpP
W OHVH��9ê]NXPQi�]SUiYD�Ò766.�ý6$9�����93��3O]H ��������

[KO67] H.-Y. Ko & R. F. Scott,  Deconvolution techniques for linear systems, Bull. Seismol. Soc.
Am., Vol.57, No.6, str.1393-1408, (1967)

[PRO82] T. M. Proctor Jr., An improced piezoelectric acoustic emission transducer, J. Acoust. Soc.
Am., Vol. 71, str.1163-1168, (1982)

[RAL78] A. Ralston, Základy numerické matematiky, Academia, Praha, (1978)

[VAL83] F. Valeš, 1DSMDWRVW�WOXVWp�GHVN\�S tþQ �QHVWDFLRQiUQ �]DWtåHQp�,��9ê]NXPQi�]SUiYD�Ò7�ý6$9�
Z847/83, Praha, (1983)

[VAL84] F. Valeš, 1DSMDWRVW� WOXVWp� GHVN\� S tþQ � QHVWDFLRQiUQ � ]DWtåHQp� ,,, Výzkumná zpráva ÚT
ý6$9��=��������3UDKD��������

[TER92] TERRONIC, Materiálový list hmoty PK274

[ä,7��@ J. Pátek & P. Hora & F. Valeš & Š. 0RUiYND�	�-��ýHUY��Die Benutzung eines nicht stationären
Körperspannungszustandes für die Kalibration von Piezoaufnehmer, 9.Kolloquium
Schallemission, Zittau, 1992


